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SYNOPSIS 


An investigation of electrical, switching and 
optical properties of various glasses containing both SbgO^ 
and Bi^O^. m NagO-BgO^-SiO^ glass matrix was carried out. 

The variations of bulk conductivity of these glasses 

+ + 

and surface conductivity of virgin glasses , ha Ag icn- 
exchenged and reduced and simply reduced glasses m hydrogen 
were studied as a function of temperature. 

The rigidity of the borosodasilicate glass matrix 
is found to depend on the ratio of concentration of Sb^O^ to 
Ei o 0~. The d.c. conductivity m the bulk glasses m the 

J 

temperature range 50-400 °C is believed to arise from movement 
of alkali ions. 'The surface resistivities of virgin glasses 
are higher than those of ion-exchanged and reduced or 
simply reduced glasses. Ionic conduction and electronic 
conduction are believed to be effective m determining the 
surface conductivities. At low temperatures the electronic 
hopping between two conducting islands is believed to give 
low activation energy for ion-exchanged and reduced glasses. 

Some of ion-exchanged and reduced glasses were 
found to exhibit ’’memory” type of switching. 



CHAPTER 1 


inTRODUCTIOCT 

In recent years there has been a tremendous revival 

of research activities in amorphous materials mainly due to 

the projected technological importance of these materials. 

Because of oose of fabrication of amorphous switches m 

planar or sandwiched structure and the possibility of direct 

incorporation into integrated circuits, these materials are 

( 1 ) 

considered to have tremendous application potential^ 

The wide spectrum of applications of these materials includes 
switching and memory devices, continuous dynode electron 
multipliers, optical mass memories, high energy particle 
detectors, phase contrast nolograms, infrared lenses, 
ultrasonic delay lines and microfiche transparencies. 


1.1 Classification of Amorphous Semiconductors 


Tne examples for various kinds of amorphous semi 


conductors are, elemental such as S and Se' 


like vanadate-phosphate 


( 3 , 4 ) 


vanad at e -germanat e 


xnd compounds 

,J5) 


Go-Tg (6) , As 2 To.T1 2 Sg 3 (7:) , As 2 Te 3 (8) , 

A C< ( 10 ) 

it r\ Dori (ii) rru r\ 13 


\ 4As 2 Se 3 .2Sb 2 Sc 5 (9 \ 


As 9 S 3 uu % V 2 0 5 -&e0 2 -Ba0 v M; , TiOg-B^-BaO 


( 12 ) 


etc . 
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These glasses can be broadly classified according 
to the m structural and chemical composition, into 3 categtries 
viz., ( 1 ) elemental, (2) covalent alloys and (3) ionic or 
tightly bound. 

Tne fust category contains elements, of which 
only S and Se can be obtained m amorphous form by slow 
cooling of their melts. Because of tlieir chain cr ring 
structure, the short range order extends over ratner long 
distances depending on temperature and thermal hj story of 
the material. The second category contains alloys of 
group TV, V and 'VI. These possess compositional as well as 
translational disorder. The materials belonging to the 
third category have positional disorder and impurities as 
an additional type of disorder. These materials have band 
gaps larger than 2 of. 

1 .2 Characteristics of Amorphous Semiconductors 

Several phenomena in amorphous semiconductors can 
be observed with sufficient frequency to regard them as 
characteristic of amorphous phase and they are; 

1 . Electrical or tnermal energy gaps of approximately 
the same magnitude as those occurring m the 
crystalline phase (where this exists) v . 
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2. Coexistance of two basic conduction mechanisms, band 


3. 

4. 

'D ° 

6 . 

7. 

8c 

9. 

10 . 


conduction and hopping between localized states 


(16) 


Conductivities which increase with frequency of the 
( 17) 

applied field v ' , 

( 1 8 19 ) 

Mon-ohmic behaviour at nigh fields v 1 J (followed by 
switching m some materials ) . 


Temperature activated drift mobilities 

/ 22 ) 

Anomalous Hall effect'' 


( 20 s 21 ) 


Electrical field dependent quantum efficiency 

(23) 

Exponential optical absorption edges . 


( 23 , 2 ) 


Optical energy gap greater than electronic energy 

„ m (24,25) 

gap 

Relaxation of the k-conservation selection rule for 
optical transitions 


1 .3 Electrical Conductivity 

Conduction in glasses can be either ionic or 
electronic in nature depending upon the nature of glass and 
the temperature range. 

1.3.1 Ionrc conductivity 

The basic ingredients of oxide glasses are a 
"network former" e.g., SiOg, "modifier" o.g., IfegO, CaO 
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and an ’’intermediate” e.g., Al^O^ . These modifiers are 

electrostatically attached to the ” non-bridging" oxygen ions 

and they are considered to he the principal carriers . 

Oxide glasses containing large amounts of alkali 

ions are essentially electrolytic conductors as shown by 

(27) 

Littleton et al. . The ionic conductivity of many oxide 
glasses results from the transport of monovalent cations, 
and usually the mobility of divalent 10 ns is low relative 
to alkali 10 ns. 

1.3.2 Temperature dependence of ionic conductivity 

The electrical resistivity 4 of most of the oxide 

f 28 ) 

glasses is generally described by Rasch-IIinrichsen v ' 
relation 

log C = A + B/T (1.1) 

where A and 33 are constants. 

( 29 ) 

The theoretical model used by Frenkel for 
ionic transport m crystalline solids is generally adopted 
for glasses, m which an alkali ion will move from one 
potential well to another, preferentially m the direction 
of applied field. 

Various models to explain the relationship 
between conductivity, temperature and the nature of the 
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glass network have been proposed by Stevels^^ and 

(31 ) 

Mazur in 


1.3*3 Ionic conductivity and ionic diffusion 


Prom the theoretical considerations on the random 

jump of ions as the rudimentary step leading to ionic 

behaviour, it is obvious that ionic conductivity is closely 

(32) 

related to ionic diffusion . The electrical conductivity 

of glass is related to the diffusion coefficient of the ion 

( 33) 

by He rnst -Emstem relation 


cr = 


2 2 

7T_ P^ D 0 
RT 


0 * 2 ) 


where D is the ionic diffusion coefficient m cm /sec, F is 
the Faraday constant, R is the gas constant m Joules/mole- 

rz 

deg., G is the concentration of ions m moles/cnr and Z is 
the ionic valence. Equation (1.2) is useful m assessing 
conduction mechanisms m glasses and it has been found that 
calculated data are m confirmation with zne experimental 
data {32 ’ 33) . 


1*3*4 The mixed alkali effect 

When a second alkali is added to an alkali 

( ^ 4 ) 

silicate glass the conductivity decreases sharply . The 
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mixed alkali effect has been reported for a wide variety of 
oxide glasses besides silicate glasses like borates, 
germanates etc. However, for any significant effect, the 
alkali concentration should exceed . Many theoretical 

models have been proposed to explain the mixed alkali effect. 

It nas been also found that ionic conductivity of 
oxide glasses depends on the composition of the glass^^, 
applied pressure v ^ and thermal history of the glasses 


1 .4 Electronic Conduction 

In most of the amorphous semiconductors conduction 
is considered to take place by hopping of carriers from one 
strongly localised state to another. For example, glasses 
containing transition element such as Fe in 
hopping of carriers will take place from one valence (local- 
ised) state to another of transition metal. The conductivities 
of these glasses vary according to the relation a = 

cr exp(- S/kT) where o is constant and S is activation 
o o 

energy . 

1.4.1 Theory of amorphous semiconductors 

Several theories have been proposed to explain 
the electronic conduction m these materials which will be 
discussed m the next section. 
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Most of the theoretical approaches have started with 
standard hand theory of crystalline solids and nave assumed 
perturbations to this model, the perturbation taking the 
form of annihilating the long range order, over a few atomic 
spacings whilst maintaining the short range order. 

In Conen-Pritsche-Ovshinky^^ model, each 
localised imperfection is considered to be a 'localised' state 
in the gap between two bands, due to variation m potential 
energy. A carrier m the localised states moves by Phonon- 
assisted hopping and its mobility is therefore less by 2 or 
3 orders to that of m "extended" states where the carriers 
are subjected to many scattering process, Hence there 
exists a "mobility gap" which replaces the density states 
gap m case of crystalline semiconductors. 

Mott^^*”^^ has used theory of Anderson^^ to 
account for the existence of localised stales. He has shown 
that there is a discontinuous change m conductivity at the 
band edges. Gubanov^ considered the glassy model as a 
"frozen" liquid m *vhich potential wells of random depth 
are assumed to give rise to localised states. 

It is to bo noted that all the models predict 

"tail" stated extending to several tenths of an eV and 

18 19 -3 

localised states densities of 10 -10 cm . We notice 

that, these models differ m their origin for the cause of 



8 


the localised spates. Cohen finds they arise from density 
fluctuations m a random atomic structure; Mott— from random 
well depths m a periodic well structure; and Gubanov — 
from random spacings of wells of uniform depth with a small 
effect due tc well depth variations. All these models have 
been recently reviewed by Hulls et al.^^. 

1 *5 Switching Properties 

One of the most interesting properties of glasses 
is the phenomenon of electronic switching. There are two 
types of s wit cuing ; threshold switching and memory 
switching . 

1.5.1 Threshold switching 

As the applied voltage of the sample is increased, 
at a critical voltage called "threshold" voltage, the 
material switches from high resistance ("OFF') state to low 
resistance (’’OF 1 ) state and below a certain holding current 
through it, the material switches back to OFF state. This 
is reversible. The threshold voltage is found to depend 
on temperature as well as separation between the electrodes, 

B, ([any mechanisms have been put forward to describe 
the threshold switching and they ares 
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( 1 ) Electronic mechanism^^ 

(49 50 ) 

(n) Phase change mechanism J ■" 

(51 t:; 2) 

( in ) Purely chermal breakdown * . 

However, no theory is complete m accounting for 
all the switching of the glasses . 

1.5.2 Memory switching 

As we increase the voltage across the material 
it switches tc "Oil" state. The conductive "Oil’ state will 
be maintained even after the switching voltage is removed. 

In other words an irreversible transformation from an 
insulating state to a conductive state has occurred. 

Through proper pulsing the material can be made to return 
to "OPE" state. The memory effect has generally boon 
associated with a glass-to-crysral transition. Conductivity 
could be due to the xormation of filaments embedded m the 
glass and bridging the electrodes. While pulsing the 
remelting of the filaments occurs which results m high 
conductive "OPP" state. 

Whether a glass will show "threshold" or "memory" 
behaviour is dependent on its chemical composition. Por 
instance, a glass with composition 10G-e - 30As - 12.6Si - 
47 .7Te (atomic %) shows threshold switching whereas another 
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one with composition lOGe 

( 52) 

memory behaviour . 


- 50As - 40Te (atomic shows 


1 .6 Ion-Exchange and Reduction Treatments 

1.6.1 Reduction 

It is found that resistivities of certain oxide 

glasses will decrease if tho surface is given reduction 

( 53 ) 

treatment by hydrogen. Green and Blodgett have 
studied the electrical properties of BigCu and PbO glasses 
after subjecting to reduction treatment by hydrogen, they 
have found that the surface conductivity of the reduced 
glasses was as low as 100-1000 ohm/square . The surface 
conductivities of the reduced glasses were found to depend 
on the distance between the particles, influence of surr- 

/ p i \ 

oundmg oxide lattices and composition of the glasses^ ' . 

1.6.2 Ion-exchange and reduction 

Y/nen a glass is immersed m molten bath like 
AgNO^, or CuCl or CuCl ? , at the glass-salt interface ions 
move m and oiit of the- glass governed by ion-exchange 
mechanism. If the ion-exchange treatment is carried out 

above the glass transition temperature T , the network of 

5 

glass adjusts itself to the differing partial molar volumes 
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of the exchange ions . When the temperature is less than 

1 it results m a stress m the glass . If the salt bath 

there is a resultant 

ions are larger than the host ions m the glass ^compression 

( 55) 

which increases the strength of the glass . 

1 .7 Studies of G-lasses Containing: Antimony Oxide and 
Bismutn Oxide 

Several glasses containing BgO^-Bi^O^, 

CaO-BigO^j AlgO^-BigO^, PbO-B^O^ m BagO-SiO^ base glass 

matrix and '’float" glass containing Si02-N’a2°“^ a ^~^ 0_ ^2^“ 

SO^-Al^O^-BegO^ have been extensively studied by Chakravorcy 
(56 57) 

et.al. 'The former groiip glasses was treated with 

sodium - - silver ion exchange followed by reduction m 

hydrogen whereas tne latter group was treated with 

sodium copper ion exchange and ion reduction m hydrogen. 

1.7.1 Micr o structural studies 

It has been found that the microstructural 

features of all the glosses containing Bi^O^ were similar. 

The electron micrographs of the surface of the virgin gless 

reveals that it coxisists of a dispersion of spherical 

particles of metallic bismuth with diameters ranging from 
0 

50-800 A, embedded in glassy matrix. After ion exchange 
and subsequent reduction larger porticles with maximum 
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o 

diameter of about 2000 A metallic silver are found to appear 
m the glass matrix. 

However, the droplet phase m virgin specimen of 

ShgO^ containing glass is found to be rich m antimony but 

not m metallic state . 'The ion exchanged and reduced specimen 

has a structure consisting of fine silver droplets of dia- 

0 

meters measuring from 50-100 A. 

In case of Al^O^ containing glasses the droplet 

phase m virgin sample is rich m bismuth which however is 

not m metallic state. After ion exchange and reduction the 

o 


droplets become much smaller ranging from 50-150 A and 

after reduction metallic silver droplets appear having 

0 

diameters measuring from 50-650 A. 

It is to be noted that m all the cases metallic 

0 

silver particles with diameters measuring from 50-2000 1A 
are found to appear in dispersed glass matrix. 

The electron micrograph of the surface of "float'’ 
glass shows no phase separation before ion exchange and 
reduction treatment. After (copper-sodium) ion exchange 
done at high temperature (650°C) the sample shows phase 
separation due to injection of copper ions into glass. 


( 57 ) 
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1.7.2 Switching studies 

Memory switching has been observed by Chakravorry^ 
(59) 

and Devendra Kumar m surface layers containing BigO^ 
and SbgO^ separately m Ba^O-B^O^-SiOg base glass matrix. 
Chakravorty and Murthy^^ have observed negative resistance 
and memory switching m thin films of BagO-Bi^O^-BgO^-SiOg 
glasses . 

The switching observed m bismuth glasses has been 
ascribed to its microstructural characteristics. The sample 
switches to the "031" state upon application of an electric 
field which presumably induces crystallisation of the glass 
phase between the metallic bismuth "islands". A high 
current pulse of short duration melts these crystals which 
are then quenched back to the glassy phase to give "OPP" 
state . 

It is to be noted that the surface roughness of 
the glasses is necessary for obtaining the high conductance 
effect. It is believed that imperfections introduced m 
the surface by grinding operation increase the efficiency 
of metallic particles which can then grow sufficiently to 
form a continuous chain. 

Chakravorty et.al.^^ have attributed the 
possibility for the "OTP" state conduction to the electron 
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hopping between conducting islands of bismuth m case of 
thin films of bismuxh glasses . The activation energy for 
electron hopping m such a situation has been shown by 
heugebauer and Webb^^ to be given by e^/Kr where e is the 
electronic cnarge, K is the dielectric constant of the 
glassy matrix, and r is the diameter of the conducting 

/ p- a \ 

island. Assuming a value of K = 6 ( Chakra vorty ex.al. ) 
one calculates from the spread of activation energies 

0 

mentioned above a range of r values extending from 10-150 A. 
This is consistent with the micro structural features of 
these glasses as we have seen m earlier section. 

The negative resistance obtained in these glass 
films is considered to arise from a Joule-micro heating 
process' 1 . It has been found by extrapolation of the plot 
of threshold voltage versus temperature for the glass films, 
that at about 450 °C, the glass film would switch without 
application of electric field and switch off temperature 
was found close to melting point of bismuth metal. Tnese 
glasses tend to crystallise m the temperature range 500- 
600°C, tne crystalline phase having a lower resistance than 
the parent glass^ 61 ^. 

Thus they conclude that if the "OS'" state is 
assumed to be a result of the formation of bismuth filaments 
between conducting islands, the switch "OUT?" process can 
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be explained, on the "basis of a rupture of the filaments . 

1.7.3 Anomalous "behaviour of S bpCh and As ^O., glasses 

Oxide glasses containing SbpO^ m IfepO-B^O^-SiOg 

glass matrix have shorn very interesting properties. The 

resistivities of the ion exchanged and reduced surface of 

( 59 ) 

the glasses have been shown by Devendra Kumar w to have 
a marked dip ah around room temperature. 

Similar behaviour has been found by Halliyal 

/ ^7 \ 

Arvind 111 glasses containing AsgO^ in ITa^O-BpO^-SiOg 
glass matrix. He has observed that the surface resistivi- 
ties of all the virgin, reduced and ion exchanged and 
reduced glasses exhibit a minimum near room temperature . 
The resistivities increase both below room temperature and 
just above room temperatiro. The increase m resistivity 
below room temperature is tentatively axtributed to proxon 
conduction and the increase just above room temperature is 
described as due to vater molecules and their interaction 
with silicate network of the glass . 

Since alkali borooilicate glasses containing 
SbgO^. and Bi^O^ respectively have shown memory switching 
behaviour after ion exchange and reduction, it mas Thought 
that it would be interesting to study the conduction 
mechanisms and switching properties, when botn BigO^ and 
SbpO^ are incorporated in the same UapO-B^^-SiCh, glass 


matrix . 
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CHAPTEB 2 

STATSI'IEITOP THE PBOBEBM 


Electrical properties of glasses containing Sb^O^ 
and Bi^O^ separately m ITagO-B^O^-SiO^ glass matrix have 
been studied earlier., and it has been found that these 
glasses show memory type of switching after (TTa~ r Ag + ) 
icn~exehange and reduction treatment. It was thought it 
would be interesting to study the conduction mechanisms and 
switching properties when both BigC^ and Sb20^ incorporated 
m the same NagO-BgO^-SiOg glass matrix. 

The objectives of the present investigation were 
to study the following: 

(a) Bulk properties: Variation of bulk resistivity of 
glasses with Temperature . 

(b) Surface properties: Variation of surface resistivities 
of virgin, reduced and lon-exc hanged and reduced glasses 
with temperature . 

(c) Switching properties: To study the switching proper- 
ties of ion-exchanged and reduced glasses at room 
temperature and below room tempers- ture . 

(d) Optical properties: To study tne absorption spectra 
of virgin glasses m the visible range . 
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(e) Differential thermal analysis. 

(f) To study the above effects as a function of the ratio 
of concentration of SbgO^ to BipO^ present m the 
bcrosilicate glass system. 
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CHAPTER 5 


Til PROCEDURE 


5 . 1 Glass Preparation 

The glasses containing varying amounts of SbgO^ 
and were prepared from reagent grade chemicals . The 

compositions are listed m Table 1 . Na^O was introduced 
as carbonate, BgO^ as boric acid and rest of the ingredients 
as oxides. The calculated amounts of the starting materials 
were mixed witn acetone and dried . The dried mixture was 
taken m a high density alumina crucible and heated 
electrically m a furnace fitted with globar rods. Temper- 
atures of melting of these glasses were m the range of 
1 300-1 45O°0. The melt was poured without peeping for a 
long time in the molten stare into aluminium molds of 
dimensions about 5 cm x 1 cm x 0.5 cm. Since it was observed 
that BigO^ oozes out through the tiny pores of the crucible 
at high temperature the batch was not kept in molten state 
for a long time. The glasses were annealed at about 400°C 
and were furnace cooled over night. 

The glasses containing less mole % of Ife-gO like 
glasses 11-23 were difficult to melt and hence it was 
necessary to keep the melt at high temperature for a 
longer time for homogenization. 
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3 .2 Sample Preparation 

3-2.1 Bulk resistivity measurement a 

The glass plates of dimensions approximately 
2 cm x 1 cm x 1 cm were polished to a thickness of 0.5-1 mm 
using silicon carbide grit of different mesh sizes (120, 240. 
400, 600 and 800 respectively). The silver electrodes were 
painted uniformly using salver paste (supplied by EP1, 

India) on both the surfaces and copper wires were affixed 
to the electrodes. After the paint dried, the specimens 
were sandwiched between two glass plates (microscope - ' 
slides) for mechanical support. A guard ring configuration 
was used to measure the bulk resistivities of the samples . 

3.2.2 Surface resistivity measurements 

Glass pieces of dimensions approximately 2.0 cm x 
1 cm x 0.25 cm were polisned using silicon carbide mesh 
no. 120 for surface resistivity measurements. 

for ion-exchange and reduction, these polished 
glasses were immersed m molten AgNO^ bath kept m pyrex 
crucibles which were heated at 320°C for 6 hours. They 
were washed m running water to remove any silver nitrate 
adhering to the surfaces of glasses and then they were 
given reduction treatment in hydrogen as follows. 
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The ion-exchanged samples were kept m a furnace 
and hydrogen gas was passed at a rate of 100 c.c. per 
minute and the temperature was raised slowly to 320°C. 

The reduction treatment was carried out fcr 12 hoars. Then 
these were furnace cooled. Parallel silver electrodes wexe 
painted on the surface and copper wires affixed to them as 
described above. A schematic diagram of the electrode 
configuration is shown m Jig. 11. Aral d it e was put on 
copper 1 leads for mechanical support. 

Only reduction treatment was given after polishing 
another set of samples and electrode leads were fixed as 
described earlier. 

To the virgin glass samples also the electrode 
leads were put after polishing the sample, 

3 • 3 Resistivity Measurements 

Bulk resistivity and virgin glass surface resisti- 
vity for all the glasses were measured from room temperature 
to about 400 °C, whereas the reduced and ion~excnanged and 
reduced surface resistivities were measured from room 
temperature to 320° C, since ion-exchange and reduction 
treatments were carried out at 320 °C. This was to avoid 
any effect of heat treatment given to the sample by going 
beyond the temperature at which ion-exchange and reduction 
treatments were carried out. 
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3*3.1 High temperature resistivity measurements 

The circuit used to measure resistivities is as 
shown m Pig. 1 . The sample was put in a horizontal furnace 
fitted with Aplab temperature controller. The sample was 
surrounded by metallic tube and the tube was earthed for 
better shielding purpose. The temperature 'was increased m 
steps of 15-25°C and at each constant temperature, (the 
temperature could be kept constant to within + 2°C) the 
V-I characteristics of the samples were measured either 
using voltage measuring device like G .R. Electrometer (type 
1230-A) or current measuring device like ECU Digital 
Ricoammeter (type EA813A). 

3*3*2 Lovf temperature resistivity measurement 

Eor low temperature resistivity measurement, a 

( 59 ) 

set-up given m reference was used. The same circuit 
as used m the high temperature was used to obtain tho V-I 
characteristics. ECIL Electrometer (type EA814) was used 
as the voltage measuring device . 

The V-I characteristics were then fitted to 
straight line by a least square method using a computer 
program. The resistivities were calculated by computing 
slope of these lines. 
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3-4 Switching; Properties 

Switching characteristics of ion-exchanged and 
reduced samples were obtained using the same circuit as m 
the case of high temperature resistivity measurements. For 
"ON" state characteristic a high resistance (10^ ohms) was 
connected m series to sample, to control the current through 
tne circuit. 

3 • 5 Optical Absorption Spectra 

The virgin glass samples were polished to a 

thickness of about 0.5 mm using silicon carbide grit of 

different mesh sizes. Absorption spectra of these samples 

were recorded using Cary-1 4 spectrometer in wavelength range 
0 

2000-6000 A. Since ion- exchanged and reduced samples were 
black, the absorption spec bra for these samples could not 
be obtained. 

3 *6 Differential Thermal Analysis 

DTA was carried out taking fine powdered samples of 
few glasses using "Mom Derive to graph" in the temperature 
range room temperature to 1000°C by increasing the 
temperature at a rate of 10°C/min. Pt-Pt/Rh thermocouple 
and AlgO^ reference material were used m the investigation. 
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CHAPTER 4 


RESULTS 


The variation of resistivity with temperature is 
described by the equation 


f = exp(E/kT) (4-J) 

where E is activation energy, P Q is a constant and k is 
Boltzmann constant. If to the first approximation plots of 
log (’ vs l/f are straight lines, the activation energy E 
and the constant S 0 111 4he equation (4.1) can be caloulftcd 
using the standard least squares method of fitting the data. 

4 . 1 Bulk Resistivity Measurements 

The variation of bulk resistivities of different 
glasses in the temperature range 30-400 °C are given m 
figures r 2 to 9»« Tne activation energy calculated m 
different regions of the plots are given m Table 2. 

The bulk resistivities of glasses 1, 2, 3, 4, and 
5 show similar variation of resistivity with temperature. 

In the temperature range 20-1 50°C, the activation energies 
vary from 0.3 eV to 0.9 eV. In the temperature range 
200-310°C activation energies vary from 0.1 to 0.5 eY. 
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In most of the glasses cooling cycle curves become linear 
and they differ from heating cycle curves. The bulk resis- 
tivities of glasses 12, 21 and 23 are higher than that of 
glasses 1, 2, 3? 4 and 5. In the case of glass 3? during 
cooling from 400°C, it switched from a high resistance 

n R 

state (10 ohm-cm) to low resistance state (10" ohm- cm) . 

state 

This low resistance^/was quenched using liquid nixrogen, ''OF” 
state characteristics were obtained. 

The variation of activation energy calculated m 
temperature ranges 20-150°C and 200~310°C, with ratio of 
concentration of SbgO^ to BigO^ 1S s B own m Tig. 10. He 
observe that m the former temperature range the activation 
energy shows a maximum value when the ratio SbgO^/Bi^O^ i; 
about one . Whereas m the latter temperature range the 
activation energy decreases when the ratio 
increases . 

4.2 Surface Resistivity Measurements 
4.2.1 Virgin glasses 

The surface resistivities of virgin glasses witn 
no surface treatments (ion-exchange or reduction) were 
measured from room temperature to 400°C. The sunace 
resistivity m ohm/square was calculated using the relation 



25 


y _ EA 
” B 

where R is the resistance of the sample in ohms, A is width 
of electrode and B iss'Ghc gap of electrode . Geometry of 
electrodes is shown in Pig. 11. 

The variation of log i (ohm/a ) with inverse of 
absolute temperature for virgin glasses 1, 3, 4 and 5 is 
linear as shown in Pig. 11. For all the glasses the surface 
resistivities during heating cycle and cooling cycle are 
approximately the same. Activation energies for the glasses 
are of the order of 1.0 eV. Virgin glasses 11, 12 and 13 

VS 

show a hump m log $- (ohm/a ) ^/1 / T plot at about 120°G as 

shown m Pig. 12. fne values of surface resistivities for 

all these glasses are of the order of 10 ohm/. < . The 

energies for the glasses aoove 120°C are of the order of 

1.0 eV whereas for temperatures below 120°C, they are of 

the order of 0.5 eV. It is to be noted that, for the 

temperatures above 120°C the activation energies for all 

the glasses are of the same order irrespective of ms 

ratio of concentration of Sb o 0- to Bi o 0„. The cooling 

2 5 2 p 

cycle curve show similar behaviour but the orders of 

cooling 

magnitude of the resistivities during/cycle arc smaller 
than heating cycle. 
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4.2.2 Reduced glasses 

Some of the glasses were only reduced m a current 
of hydrogen gas without ion-exchange treatment for 12 hours 
at 320°0. The surface of the reduced glasses were measured 
m the temperature range 30° to 320°C . Activation energies 
of different regions of the plot of log f vs . l/T are 
tabulated m Table 2. 

The variation of resistivity with temperature of 
reduced glasses 2 and 3 are shown m Rig. 13. It is 
observed tnai the plots are linear m the above temperature 
range. In case of glass 2, cooling cycle curve agrees with 
heating cycle curve. For glass 3, even though the cooling 
cycle values of resistivity are slightly higher than that 
of heating cycle , the variation is similar m both the 
cycles. Glasses 11 and 12 also show linear behaviour m 
the temperature range 30-230°C and activation energies are 
of the order of 0.2 cV. The cooling curves for the glasses 
duffer slightly from heating curves. The plots of log C 
vs. l/T of glass 13 is shown in Rig. 15. Between 50 to 150°0 
the surface resistivity of the glass was too high to be 
measured. Cooling curve also shows similar behaviour 
even though the resistivities of cooling cycle are lower 
than that of heating cycle . However, it is to be noted 
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that the orders of magnitude of resistivity are lower than 
that of virgin glasses . 

4.2.3 Ion-exchanged and reduced (IER) glasses 

All glasses were given first (Ka + Ag + ) lon- 

exchange treatment at 320 °C for 6 hours m molten AghO^ hath 

and then reduced m hydrogen atmosphere at 320°C for 12 

hours. The surface resistivities were calculated from 

measured resistances of the samples at different temperatures, 

as described earlier. The resistances of the sample were 

measured m the temperature range -100 to 320°C . The plots 

of log (ohm/ a ) vs 1/T are shorn m figures 16 to 23 1 

In the case of IER glasses 3, 4, 5 and 21 minima are 

observed m the plots of log > vs l/T„ It is seen that as 

the ratio of the concentration of Sb o 0~ to Bi o 0_ increases, 

2 3 2 3 

(from 1 to 5) the minima move (from room temperature to 
70°C) towards high temperature. 

IER glasses 1 and 2 show two activation energies 
m the temperature range of about t 90° to^^O^GG . IER 
glasses 12, 22 and 13 show linear behaviour m the temper- 
ature range 20°C to 320°C. The activation energies of 
the glasses are 0.17, 0.18 and 0.34 respectively. Eor 
IER glasses also, the orders of magnitude of surface 
resistivities are less than that of virgin glasses. 
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4 .3 Switching Studies 

I-V characteristics of some IER glasses are shown 

m figure* 24 . at room temperature. IER glass 1 

8 

switches from high resistance state (2.2 x 10 ohm) to 

6 

low resistance state (1 .9 x 10 ohm) at voltage of 250 V. 

8 6 

IER glass 4 switches from 4-5 x 10 ohm to 4 x 10 ohm at 

200 V. For IER glass 2 the switching voltage is very low 

(5*7 volts). The "OIT" state resistance is of the order 
8 

of 6 x 10 ohm and "OR' 1 state resistance is of the order 
3 

of 8 x 10 ohm. There is high instability near sv/i telling 

voltage. After few cycles the "OF 1 state got stabilised 

for the glass. Switching characters were also obtained at 

lows temperatures . There was no regular variation of 

voltage 

threshold switchmig^with temperature . 

4.4 Optical Absorption 

Optical absorption spectra for few virgin glasses 

were recorded using Gary-14 spectrometer m the wavelength 

0 

range of 2500-6500 A. The absorption coefficients were 
calculated at different wavelengths from the optical 
spectra using the relation 

1 1 -1 

a = In — cm“ (4.1) 
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where I is the transmitted intensity and x is the thickness 

JL 

of the sample . A plot of (ah' 1 ) 2 vs . h^ gives the optical 
absorption edge E .j_, hy extrapolating the linear part of 
the plot as described by Tauc et.al.^^ 

from the absorption spectra recorded for the 

_L 

glasses, plots of (cchi?) 2 vs. hV were made. Optical gaps 
thus obtained lie m the range of 2.7 to 3-6 eV, as shown 
m fig. 25. 

4 . 5 Differential Thermal Analysis 

DTA curves for glass 2 and 3 are shown m fig.2S5. 
for glass 2 three minima were observed at about 80, 560 
and 800°C respectively. A peak was observed at 780°C. 
for glass 3 a broad dip was observed at 580°C and a small 
peak at 790°C . 
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Table 1 

The cnemical composition of the glasses 


G-lass 

? 

t 

1 

- 1 l " V 

Composition m mole % 


I'To . 

! Na 2 0 

B 2 0 5 Bi 2 °3 Sb 2°3 Si °2 

k 2 o 


1 

10 

18 

10 

2 

60 

2 

10 

15 

10 

5 

60 

3 

10 

16 

5 

5 

64 

4 

10 

15 

5 

10 

60 

5 

10 

18 

2 

10 

60 

1 1 

5 

21 

5 

5 

64 

12 

3 

22 

5 

5 

64 

13 

1 

23 

5 

5 

64 

21 

5 

20 

5 

10 

60 

22 

3 

21 

5 

10 

60 

23 

1 

22 

5 

10 

60 


2 
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Table 2 

Activation energy E calculated from log vs. l/T plots for 
different regions of the curves for glasses studied, as 
computed using method of least squares 


i — — r 


G1 ass 
No . 

i Eig . 

{ No. 

t 

X 

T 

f 

* 

{ Inverse temperature JBegion } Activation J Standard 
{range (l/Tl {marked | energy ’deviation 

{ {on the { eV { eV 

j Prom To |g^ a P h ; ; 

» . ! S 1— 



I 

Bulk resistivity 



1 

2 

1 .72 

2.0 

(a) 

0.47 

0.10 



2 .4 

3.4 

(b) 

0.53 

0.04 



1 .6 

2.6 

(c) 

1 .10 

0.02 

2 

3 

1 .7 

2.4 

(a) 

0.26 

0.02 



2.5 

3.4 

(b) 

0.91 

0.04 


4 

1 .5 

2.9 

(a) 

0.31 

0.01 

j 


3 *9 

5.4 

(b) 

0.23 

0.01 

i 

5 

1 .7 

2.4 

(a) 

0.28 

0.02 

i 


2.5 

3.4 

(b) 

0.79 

0.05 

5 

6 

1 .7 

2.1 

(a) 

0.13 

0.03 



2.4 

3-4 

(b) 

0.67 

0.04 



1 .7 

2.7 

(c) 

1 .08 

0.03 

12 

7 

1 .5 

2.1 

(a) 

0.55 

0.01 

21 

8 

1 .4 

1 .8 

(a) 

1.42 

0.09 



2 .0 

2.5 

(b) 

1.11 

0.11 

2 3 

9 

1 .4 

2.2 

(a) 

0.77 

0.06 

h. j 


2.2 

3-0 

(b) 

0.40 

0.02 
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J Fig- 

f 

t 

{Inverse temperature, 

Region 

1 

t 

Activation {Standard 

{ Fo. 

5 range (1/1) 


marked 

energy 

{deviation 


t 

! 


on the 

eV 

{ eV 


1 

! Iron 

«J 

To 

graph 


! 

t 

! 

l 



1 

11 

1 .4 

2.4 

(a) 

1 .07 

0.03 

3 

11 

1 .4 

2.4 

(a) 

1 .03 

0.08 

4 

11 

1 .4 

2.6 

(a) 

1 .07 

0.02 

5 

11 

1 .4 

2.6 

(a) 

0.96 

0.03 

11 

12 

1 .5 

2.5 

(a) 

-0.81 

0.03 



2.5 

3.2 

(b) 

-0.51 


12 

12 

1 .4 

2.0 

(a) 

1 .04 

0.02 


r 

2.5 

3.2 

(b) 

0.50 


13 

12 

1.4 

2.0 

(a) 

1 .05 




2.5 

3.2 

(b) 

0.50 





B . Reduced 

glasses 



2 

13 

1.8 

3.2 

(b) 

0.21 

0.01 

3 

13 

1 .7 

2.3 

(a) 

0.55 

0.03 



2.3 

3.2 

(b) 

0.28 

0.02 



1 .7 

2.7 

(c) 

0.54 

0.02 

1 1 

14 

1.7 

3.1 

(b) 

0.22 

0.05 

12 

14 

1.7 

3.1 

(b) 

0.19 

0.01 

13 

15 

1 .7 

2.2 

(a) 

0.73 

0.07 


2.1 

2.8 

(b) 

0.47 

0.20 
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Table 2 (Contmaed) 


G-lass 

Ho. 

Fig. 

Ho. 

? 

} Inverse temperature 
{ range (1/T) 

t 

t 

J From To 

— t .. . 

n 

! 

{Region 
{marked 
{on the 

{graph 

! 

? 

i 

Activation {Standard 

energy {deviation 

eV { eV 

! 
f 
i 

» .... _ .. .... 



C. Ion-exchanged and reduced glasses 


1 

16 

1 .8 

3.0 

(a) 

0.66 

0.02 



3.0 

5.5 

(b) 

0.08 

0.03 

2 

17 

2.0 

3.0 

(a) 

0.15 

0.02 



3.5 

5.0 

(b) 

0.08 

0.004 

3 

18 

2 .0 

2.6 

(a) 

0.69 

0.04 



2.7 

3.2 

(b) 

0.87 

0.25 

4 

19 

3.2 

4.6 

(b) 

0.13 

0.01 

5 

20 

1 .9 

2.5 

(a) 

0.64 

0.02 



3.3 

3.8 

(b) 

0.77 

0.09 

11 

21 

2.4 

3.3 

(b) 

0.58 

0.04 



2.2 

3.1 

(a) 

0.77 

0.01 

12 

22 

1 .8 

3.2 

(b) 

0.17 

0.01 

13 

22 

1 .8 

3.2 

(b) 

0.34 

0.07 

21 

23 

1 .8 

3.0 

(b) 

0.57 

0.03 

22 

22 

1 .7 

3.2 

(b) 

0.19 

0.01 










FIG.2 VARIATION OF BULK RESISTIVITY WITH TEMPERATURE 
FOR GLASS NO.1 
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CHAPTER V 


DISCUSSION 


5 • 1 Bulk Resistivity 

Por bulk resistivity, the log f vs 1/T plots show 
two distinct activation energies . The variation of resis- 
tivity with temperature and activation energy values which 
are about 1 eV, for the glasses indicate that the conductivity 
would arise due to movement of alkali ions, Por glasses 
1, 2, 4, 3 and 12 there is deviation from linearity at high 
temperatures . This could be due to polarisation at the 
electrodes. The charges collect at the electrodes and 
resist the flow of charge carriers which is responsible for 
high resistance. The fact that glass 23 which contains less 
mole % of FagO does not show polarisation may support the 
fact the conduction in these glasses is due to sodium ions . 
However, it is to be noted that for all the glasses the 
linearity of I-V plots was maintained. This casts some 
doubt on the above explanation of polarisation effect . In 
order to confirm the effect of polarisation, one should 
carry out a.c. measurements for these glasses. 

In Pig. 10, the variation of activation energy 
with the ratio of concentration of SbgO^ to 1S 
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shown. We observe a peak m activation energy when the 
ratio SbgO^/lBi^O^ is about one. This may be explained as 
lollows. In the borosilicate glasses contai ning both 
Sh o 0 7 and hi o 0 7 , bismuth can be considered to act as 

network modifier, and antimony can be considered to act 

1 El) 

both as network former as well as network modifier.' 1 

It may be possible that as the ratio of 

3+ 

mereoses first Sb ions occupy the ’’network forming" 
sites and the network becomes more and more rigid. The 
activation energy would thus increase. When the ratio 

3-l 

SbgC^/Bi^O^ becomes unity, Sb^ ions may start acting as 

34. 

network modifier like Bi^ ions. The network becomes less 
and less rigid, lowering the activation energy. 

For the temperature range 225 to 310°C m the 
plot of activation energy vs. the ratio of SbgO^/BigO^ 

(Fig. 11) there is no peal: in the activation energy. At 

■2 jl 

the high temperature Sb J ions may not act as network former 
but may act as network modifier, which accounts foi lowering 
of the activation energy as Sb^/Bi^ increases. The 
activation energy is lower at high temperature which is 
characteristic of ionic conduction, however, this expla- 
nation might have to be x'eviev/ed seriously if electx’ode 
polarization eflect is proved to be dominant in this 
temperature range . 



36 


In some of the glasses cooling curves show linear 
behaviour and differ from heating curves. This could be 
attributed to the effect of heat treatment given to the 
sample during heating cycle. 

5*2 --Surface Resistivity 

loros il icate glasses containing As ? 0^ and Sb^O,, 
have shown peculiar behaviour m the variation of surface 
resistivity with temperature ^ . It has teen observed 

that m these glasses, as the temperature is increased from 
room temperature the resistivity increases (which is contra- 
dictor to usual behaviour) upto certain temperature and then 
it decreases. Whereas, when the temperature is decreased 
from room temperature, there was a sudden increase of 
resistivity. Thus the resistivity has a dip at the room 
temperature. This has been explained as follows. 

It has been assumed that, water molecules adsorbed 
on the surface do play a role m determining the surface 
resistivity. The increase of resistivity with temperature 
has been explained due to protons acting as charge carriers. 
Protons are thought to be present m hydroxyl group and 
these migrate to near, by terminal oxygen atoms under the 
action of an electrical field^ 05 ^. Conductivity increeses 
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with tno concentration of both the OH groups and the 
terminal oxygen atoms. Since the sura of xhese concentra- 
tiomj is constant, there is an optimum ratio of concentration 
at which conductivity is greatest. 

As the temperature of sample is increased from 
room temperature, some of water molecules may be driven off 
and h'jnci- the surface resistivity is increased. Above a 
certain temperature, the decrease m surface resistivity 
has boon explained as of alkali ions. As tho temperature 
is lowered below room temperature the sudden increase of 
resistivity has been explained due to the upsetting of the 
optimum ratio between the concentration of OH groups and 
terminal atoms, as the water content is increased. 

Since our glasses under investigation have 
similar glass matrix as in the case of ASgO^ or Sb^O^ , one 
would expect the similar behaviour for our glass also. We 
shall discuss this m detail m next sections. 

5.2.1 Virgin glasses 

for glasses 1, 3, 4 and 5 (with 10 mole % Na 2 0) 
the plots of log ^ vs. 1/1 e're ac shov/n m figure 11. The 
plots are all linear and the activation energies are of 
the order of 1 eV. Glasses 11, 12 and 13 (with 5, 3? 1 
mole % Na 2 0 respectively) show a peak m the resistivity 
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* he orders of the magnitudes of surface resisti- 
vitie-j of the reduced glasses 2, 3, 11 and 12 (Pigs. 13 and 
1-4) arc much loss than that of the virgin glasses (Pigs. 

11 and 12). This may be attributed due to presence of 
conducting islands of bismuth and antimony as shown from 
macros true tur al studies. The activation energies for 
reduced glasses are of bhe order 0.3 eV compared to 1 eV for 
■vj-rgm glasses . One possibility for lowering of the acti- 
vation energy is that it' arises from electron hopping 
between two conducting islands, as the conduction mechanism 
m the reduced glasses . 

Por glass 13 (Pig. 15), the order of magnitude of 
surface resistivity is comparable to that of virgin glasses. 
This can be explained as for the glass 13 reduction may 
not be complete. Perhaps, low concentration of ITagO may 
cause partial reduction. 

5.§«3 Ion-exchanged and reduced glasses 
5 . 3 . 1 Low temperature measurements 

In the low temperature regions of the plots 
log \ vs. l/T, for I£R glasses (figures 17 to 20) we see 
that the activation energies are low as given m Table 2. 

The low activation energy observed m low temperature 
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i o ion 1 or the glasses can be attributed to electron 
iioppm f betv/oon conducting islands as explained below, 

as discussed m Chapter 1 9 the micro structure of 

9 

Lon-oxehangod and reduced glasses containing Bi^ and 

r.cparotoly has been shown to consist of a dispersion 
of particles of antimony, bismuth and silver. These are 
cousiidorod lo act like conducting islands. The diameter of 
UiO'Mu conducting islands of bismuth can be approximately 
calcinated using 7 ' T cugcb^uer and 7r ebb model^^t The 
activation energy (0) as given by the model is 

2 

d _ 

^ - y r 

whore o = charge of electron; K = dielectric constant of 
glass matrix, and r - size of conducting islands. Assum- 
ing a value of K = 6 and 0 = 0.08 eV for our glass system, 

0 

we get r = 45 A. This is consistent with the microstruetural 
features of the glasses. 

5.2. 3*2 High temperature measurements 

The plots of logj, vs. l/T for ion-exchanged and 
reduced glasses show peculiar behaviour. By comparing 
the plots of log vs. l/T for IER glasses and virgin 
glasses we find m the temperature range 
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‘i! <o * 1 1 y<-'>2C, > r \ , The orders of magnitudes of surface 
i osioUvit res of J'5R glasses aro less than that of the 
v i i* " i -Lassen. As m the case of reduced glasses, this 
-4co bu attributed to the presence of conducting 


i: l undo 


•o observe peaks and dips m the plots for glass 
2, 5 , 4 > 0 aid 21 as shown m figures (17-20 and 23, By 
>■ 1 ’vn,; the plots wo see that as the ratio of concentra- 
tion of GreO., to BreO- decreases 
2 3 2 3 

( i) I'hu peaks (aid dips disappear gradually (there is no 
peak for glass 1 where the ratio as 0.2 

as shorn m Big. 16). 

(n) 7\ re 'Oratu.ro at which the minimum resistivity occurs, 

shifts towards higher temperature (for glasses 5, 4, 
3, 2 and 21 the temperature shifts from room temper- 
ature to 70 °0). 

In boros llicate glasses containing AsgO^ and 
rJbgO^ separately, similar peculiarities with temperature 
have been observed. But for those glasses minima of 
resistivity have been found to occur always at room temper- 
ature. This behaviour has been explained as the effect 
of adsorption of water by the glass surfaces as described 


earlier. 
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about 50-320°0, The orders of magnitudes of surface 
resistivities of IER glasses are less than that of the 
virgin glasses . As m the case of reduced glasses , this 
can also be attributed to the presence of conducting 
islands . 

T i7e observe peaks and dips in the plots for glass 
2, 3? 4? 5 sad 21 as shown in figures {17-20 and 23* By 
comparing the plots we see that as the ratio of concentra- 
tion of Sb o 0, to Bi o 0„ decreases 
2 3 2 3 

(i) The peaks and dips disappear gradually (there is no 
peak for glass 1 where the ratio Sb^O^/Bi^O^ is 0.2 
as shown in fig. 16). 

(n) Temperature at which the minimum resistivity occurs, 
shifts towards higher temperature (for glasses 5, 4, 
3, 2 and 21 the temperature shifts from room temper- 
ature to 70°C). 

In borosilicate glasses containing AsgO^ and 
SbgO^ separately, similar peculiarities with temperature 
have been observed. But for those glasses minima of 
resistivity have been found to occur always at room temper- 
ature. This benaviour has been explained as the effect 
of adsorption of water by the glass surfaces as described 


earlier. 
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However, the above explanation may not hold good 
m explaining the nature of variation of log £ with l/T for 
glasses containing both and Bi^O^ since the temper- 

ature at which the minimum of resistivity occurs, shifts 
tov/ards the high temperature. Perhaps, the water adsorption 
may not play a role m conduction process for our glass 
systems . 

As we know there 7/1II be drastic changes in the 
physical properties of materials undergoing structural tran- 
sitions. One can also expect that some sort of structural 
transition may be occurring m our glass systems. The dips and 
peaks of tne plots of log vs. l/T may then be considered 
to arise from some structural transition which may be taking 
place m these glasses at the particular temperature. 

However, the above observed nature of the 
variation of resistivity with temperature for our glass 
systems may be due to the combined effect of antimony, 
bismuth and silver particles as these are shown to be 
present m ion-exchanged and reduced glasses. 

In order to confirm whether the behaviour is due 
to water adsorption or not one should carry out the measu- 
rements m vacuum or by passing dry nitrogen over the r 
sample . 
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5.3 Switching 

IER glasses 1,2 and 4 have "been found tc show 
"memory type" switching. As explained m Chapter 1, the 
switching in the IER glasses containing BigO^ could probably 
arise due to a crystallisation process induced in the glass 
phase between the metallic particles . The same process 
may also be thought of bo be effective m the glasses under 
investigation. Further studies have to be done on glasses 
containing both SbgO^ and Bi^O^ in order to find the combined 
effect of these oxides. 

5 .4 Optical Absorption 

Eor virgin glasses 2, 3? 4 and 5, the absorption 

o 

edge was observed at about 3000 A. The absorption edges 

lie in the range of 2.7 to 3.7 eV. As v^e see, these are 

more than twice the activation energy determined by d.c. 

measurements for these glasses. Tnis is consistent with 

(23) 

the results of other oxide glasses . 

5 • 5 Differential Thermal Analysis 

DTA curves for glasses 2 and 3 show on endothermic 
peak at about 560°C and exothermic peak at about 790°C. 

The endothermic peak may be thought of as arising due to 



44 


crystallisation. However when heat treatment was given to 
glass 2, no crystallisation was observed. 'This would cast 
doubt on the above explanation. An endothermic peak at 
about 50° C for glass 2 may be duo to expelling of water 
molecules adsorbed in the glasses. 
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CHAPTER 6 


COUCBUS IQIT AMD SCOPE FOR FURTHER WORK 


6 . 1 Conclus ions 

From the experimental studies, made on the 

borosodasilicate glasses containing both Sb 20 ^ and Bi^O^, 

the following conclusions could be drawn. 

(i) The rigidity of borosodasilicate glass matrix 

depends on the ratio of concentration of 3b 0 Ch to 

P o 

and the network coherence seems to bo maximum 
wnen the ratio is one. 

(li) The d.c. electrical conductivity of these glasses 
m the temperature range 50-400° C is due to the 
motion of alkali ions. 

(ni) The orders of magnitudes of surface resistivities 
of the reduced and the lon-oxchanged and reduced 
glasses are less than that of virgin glasses and 
this is attributed to the presence of conducting 
islands of either antimony or bismuth or silver or 
a combination of these three . 

(iv) The surface resistivities of ion-exchanged and 

reduced glasses show dips and peaks m the plots 
of log p vs . l/T . The minima of the surface 



resistivity move toward high temperature as the ratio 

of the concentration of Sb o 0_ to Bi o 0_ decreases. 

2 3 2 3 

This behaviour cannot be attributed to the effect of 
water adsorption and may be considered to arise from 
some structural transitions occurring m these 
glasses at these temperatures. 

(v) Conduction m the ion-exchanged and reduced glasses 
at low temperatures arises due to the electron 
hopping between the conducting islands. This is 
consistent with the microstructural features of the 
glasses . 

6 .2 Scope for Further Studies 

(i) To study m detail the microstructure of the glasses 
and to cnaractense tne different phases before and 
after the surface rrearmexits (like ion-exchange or 
reduction) given to them. 

(n) The variations of surface resistivities of the 

glasses containing BigO^-Sb^O^, and Sb^O^ with 

temperature have showed peculiar behaviour. It 'will 
be interesting to study the variation of surface 
resistivities of borosoda glasses containing 
combinations of above ingredients like As 20 ^-Bi 20 ^, 
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(ill) In order to study the effect of water adsorption of 
the glasses, it is necessary to carry out the 
measurements in vacuum or m an inert atmosphere. 
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